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e NATIONAL ADVISCERY c o m  FOR mommrcs 

OF. IENG-BODY COMBINATIONS 

By Jim Rogers Thcanpson and Charles W. Mathews 

As part of 821 investigation by the National Advisory Camittee  for 
Aeronautics of the aerodynamic characteristics of possible  transonic and 
aupersdc  airplane arrangements, the  transonic drag Characteristics of 
a series of  wing-body caniblnationa and their cmpment  parts are being 
measured by the free-fall method. Configurations so far investigated 
have cornieted of wings of varioue aweeps and thickness  ratios mounted 
on identical bodies of fineness ratio 12. Results far three  configura- 
tions - two having untapered 35O mptback wings with  thickness ratios 

- wfth thickness r a t i o  of 0-12 - are reported  herein and are ccmpared with 
previous resul ts  and with  theoretical  calculations t o  show the  effects 
of wing sweep angle, taper, and thicknesB ratio on the  transonic drag 

. .  

.+e 
1 of  0.09 and 0.12, and one having a 35O meptback wing tapered 1 467: 1 

. characteristics of wing-body canbinations. 

For all the  configurations EO far investigated,  either  reductfon 
of wing thickness ratio ar increase in the sweep angle produced large 
reductions i n  the wing an& t o t a l  drag at supersonic speeds and delayed 
the occurrence of the drag rise t o  higher Mach rimers. 

The drag of the  body-tail ccmibination of the  configurations having 
untapered wings w a s  sanewhat increased by either  reductiaa of wing sweep- 

. back angle o r  increase i n  t h l c h s s   r a t i o  but ramained lower at supersonic 
speeds than  that of an  identical  body-tail ccanbination tested without 
wings. The drag of the  body-tail ccmibination in the presence of either 
a meptforward  tapered wing or a sweptback tapered wing was considerably 
increased over that  of the body-tail cambination without wings. The 
wing drags were not appeciably  affected, huwever, either by taper or 

.I by the sign at the sweep ' angle. 
/ 

The results obtained f o r  the 35O swept wings were not cornfatent 
with  those  predicted by linearized  theory for swept wings of f in i te  span *-* (NACA TN No. 1319) but  correlated  satisfactorily  with  reGults for w e p t  



' 'D wings when plotted  in  the frmn against M V Z A .  
Correlation for the 45O eweptback w i n g  on this basis was  also sat is-  
factory except above a Mach  number of 1.02. The pcesence of the body 
reduced the Mach number a t  which the abrupt r i se  i n  wing drag occurred 
by an amount approximately equal t o  the differeke between the estimated 
local Mach  number on the body at  the w i n g  root and the fl ight  Mach  number. 

~ o s ~ A ( t / c ) ~  

w- m r R 0 r n r n I O N  

As p a r t  of a general study by the NACA of  aerodynamic shapes a t  
transonic and supersonic speede, the Fl ight  Reeearch Division of the Langley 
Laboratorg is  investigating  the  transonic drag characteristics of uinga, 
bodies, and wing-bdy ccnribinatians by the free-fall method. Previous results 
hake canfirmed the law-drag potentialities of bodies of high fineneas 
ra t io  and swept wings; however, when such low-drag canponents were c d i n e d ,  
important interference  effects on the drag were found. The free-fall 
tes te  of wing-body ccmibinatians  have  been extended t o  obtain  fhrther 
understanding of these  interference  effects and, at the same time, t o  
determfne the  effects of lmge changes i n  basic  design  variables on the 
d r a g *  

Wing-body cmbinatians BO far invegtigated have c m i e t e d  of mept 
wings mounted on identical bodies of fineneas ratio 12 havFng mall boam- 
mounted stabilizing tail surfaces. Details of these configurations and 
the model numbers which they are designated in this gaper are shown 
in the following  table: 
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The transonic drag characteristics for models 5, 6, and 7 are 
presented  herein and are ccmyared with results previously  reported t o  
provide sane i n f " t i o n  on the effects of wing weep angle, thiCheS8 
ratio,  and taper ratio on the drag of wing-body caibinatians and their  
cnmponent p r t s  at transonic and low suprsonlc speeh. 

Results obta;lned f r a n  the  tes ts  of models 1 t o  4 and descriptions 
of these models were r e w e d  in references l t o  4; therefore, this 
section is llmited t o  tests and results far mode+ 5 t o  7. 

Modela.- A drawing showing details  and dimensions of models 5 t o  7 
is presented as figure 1, and ghotoparphs of models 5 and 7 are presented 
as  figure 2. The bdy- t a i l  caaibinations of the models were iden&ical 

* '  and differed frm those of models 1 to 4 only by the  addition of a n  air- 
apised head  mounted on a anall, cylindrical boom extended from the nose of 
the body. Coardinates of the body contour are gresented in table I. The 
wings of models 5 t o  7 were swept back 35* (msasured at  the quarter-chord 
U n e )  and had NACA @-series  sections in planes perpendicular t o  the 
quarter-chord line. The wings differed in t a p  ratio and thiclsneasi 'e . ' models, 5 and 6 had untapered wings with th ichess   ra t ios  of 0.09 and 0.12, 

B respectively, and model 7 had a 1.467:l tapered wing with a thickness 
r a t io  of 0.12. 

The wing of each m o b 1  w a s  located on the body so that the  inter- 
section of the midchard l ine  with the body Burface was appoxim.ately 
15 inches t o  the  rear of the b o 9  rmxjnmm dimtW= This wing position is 
identdcal with that of model. 3 and about 3 inches ahead of the wing ' 

position fa? model 4. The Xing and tail surfaces m r e  mounted on separate 
drag balances within the body and entered the. body through rectangular 
s l o t s  slightIy wider than  the maxhnm thickness of the a i r fo i l .  The 
s l o t s  at  the wing-body juncture were f i l l e d  with wooden blocks mounted 
on the wing at  the root  and shaped t o  preserve the body contour. EmaU 
clearances were  provided 80 that  these f i l ler  blocks did not rub against 
the  sides of the d o t s  as the wing balance deflected under drag load. 

Measurements. - Measurement  of the  desired  quantities wa6 accom- 
plished as fn pxvious free-fall  tests  (references 1 t o  4) through use 1. 
of the NACA radio-telametering system and r e  and phototheodolite 
e q u i p n t .  The following quantities were recarded  for each model at 
two sepazate ground stations by use of the  telemetering system: 

(1) The longitudinal force  exerted on the body by the wing 88 
measured by 8 spring  balance 

(2) The longitudinal force exerted on the b d y  by the tail surfaces 
as measured by a spin@: halance 
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(4) Static pressure at   the  airspeed head &B measured by three aneroid 
cells (-able ranges: 275 t o  8'75, 7.00 t o  1250, and 1200 t o  
2150 lb/sq f t  abs., respctively) 

( 5 )  T o t a l  pressure at the airspeed head ga msasured by four aneroid 
cells (usable ranges: 275 t o  1275, 1200 t o  2400, 2250 t o  
3750, and 3600 t o  5600 lb/sq ft abs.,  respectively) 

Precision of measurements. - The estFmated r n a x h m  uncertainties of 
the drag parameters  presented herein for models 5 t o  7 are given i n  
table iI far several Mach nmibers. The values correspond t o  a m x h m m  
uncertainty in  a  telemetered  quantity of +1 percent of the f u l l  range of 
the instrument. Cansiderable  evidence has been obtained which indicates 
that  the  1-prcent value i s  a reasonable e s t h a t e  of the over-all accuracy 
of the  telamstering system. 

The uncertainties given in  the  table far the t o t a l  and body-tail- 
ccmibination drag parameters are considerably RmFI1er than similar values 
quoted in  references 1 t o  4 due t o  the use of im-poved instrumsntatim 
recently developed by 3Ale Langley htnrmsrrt, Research "vision. This 
improved inatrunentation  replaces  the single longitudinal accelerameter 
wed previoudy with several accelercansters having much der and 
slightly overlapping ranges with the result that the uncertainty in 
the t o t a l  retardation msasured by each acceleramster is reduced i n  PO- 
portion t o  the ratio of the range of each accderomater t o  the t o t a l  
range of retardation required. The ranges of the accel~romsters used,, 
i n  the present tes t s  me given i n  the  section  entitled "easuremsnts. 
In order that only one telazneter channel w i l l  be required for the 
several accelercanaters, the  indication of each x&8 searpled about 5 tFmes 
per second t h o u g h  nee of mechnical   Mtching  equipnt .  A similar 
systw WBB used t o  ~ B B U T ~  the t o t a l  and d a t i c  pressures at the air- 
speed head. 

I 

The Mach ambers determined fk.a the true airspeed-temperature 
data  are considered t o  be uncertain witbin B.01. As the values of 
Mach number m e  wed t o  cmpute drag coefficients from D/Fp ratios, 
the percentage uncertainties shown in   table  II far the drag coefficient8 
are aamwhat greater than those ahawn f o r  the D/F-g ratios. 

Values of m a x h m  uncertainty  given in   table  I1 for the  body-tail 
cmibinatian  correspond t o  the sum of the maximnu uncertainties  in  the 
measured wing and t o t a l  d r a g s  since the drhg of the body-tail cmbina- 
t ion wa8 obtained as the difference between these  quantities. The most 
probable value of the uncertainty far this quantity would be  somewhat 
less than  the valuee quoted. 
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Reduction of data. - The data were reduced t o  variations  vith Mach 
.nwnber of D/Q ratios and drag coefficients f o r  the cmflete models 
and t h e i r   c m p n a t  parts by use of the atmospheric conditions measured 
at the  tlms of the  tests and the relatione 

v 
49.04 fi 

M =  

and 

where 

M Mach nmiber 
1 

P atmospheric pressure, pounds p r  s q w e  foot  abs. 

B T free-air tsmperature,  degrees Rankine 
5 

D drag, Po- 

Y ra t io  of specific heats of atr (1.4) 

The drag coefficients far the w-ings and tail surfaces were bamd on the 
areas outside of the body and tail b o a ,  respectively. 

No radar and phototheodolite  data  other  than  the  release  conditione 
were obtained far model 6, and the variations of ground velocity and 
altitude during its f a l l  were caquted by successive  integration of 
vector  sum^ of gravitational  acceleration and the  directed  retardation 
measured by the longitudinal accelercanaters- Emellent  agrement between 
the ground velocity and altitude determFned in this manner and by the 
radar and phototheodolite equipnt  was obtaFned f o r  models 5 and 7 and ” 

model  5 is considered to be unreliable and ie ,  therefare, not presented 
herein. 

, in pevious  tests  (references 1 t o  5)  The tail drag measured f.or 

Results. - The results obtained in the free-fall  tests of models 5 
t o  7 are  presented in figure 3 88 curves showin@; the  variation of 

c 
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D/Fp ra t io  with Mach number f o r  each cmplete model. In arder t o  
illuEltrate  the  relative importance of each component with regard t o  
dycag contribution,  the  division of the t o t a l  drag among the camponent 
parts is shown in  the  figures; approximate percentage contributions 
a t  low supersonic speeds are given in  the following table: 

Model 5 M o d e l  7 Model 6 

wing 63 66 58 
Body-tail  canbination 

9 8 Tai l  
37 34 42 

" 

The measurements of t o t a l  and s ta t ic  pressures at the  airspeed 
head for models 5 t o  7 were made for me in other tes t s  and will not 
be reported herein. Results of pressure lneasuramsnts on model 5 have 
been reported i n  reference 6 and the  results for models 6 and 7 were 
eimilar. It msy be noted, however, that  within the estimated  uncertainties 
of the pressure measuraments the Mach nmibers determined f'rm the airspeed 
head w e e d  u i t h  the Mach ntmibers d e t e d n s d  frcm the ground velocityq 
wind-temperature data which are med throughout this paper. 

4 

DISCUSSION 

The results f o r  modele 5 t o  7 which  were presented in  figure 3 are 
I canpared in  figures 4 t o  9 with similar results far the  configurations 

which have been previouily tested.. Details of each configuration and 
the reference f r a m  which the  data were taken axe ahown in  tabular form 
at the  top of each figure. The aspect ratios @Ten in  the figures are ' I 

based on the o v e r a l l  span and w3ng mea  (including  that  within the body), 
and the sweep anglee axe memured f r a m  the line of maxhum thickness of 
the wings. The transonic drag characteristics of each cnmponent a m  
discussed separately. 

Wiw dram - effect of sweepback  and thickness. - The measured 
variations of drag coefficient withMach number for the untapered wings 
of models 3, 5 ,  and 6 are compared in  figure 4. It is Immediately 
apparent that  reduction of the  thickness  ratio and/or increase in  the 
angle of sweepback greatly reduce the wing drag at supersonic  speeds 
and del8y the occurrence of the drag rise t o  higher Mach  numbers. 

Included in  f igure 4 are curves sharing the variation of pressure 
drag coefficient with Mach number f o r  the  'mptback wings as cmputed 
frm the  linearized  theory  pesented by Harmon and Swanson in  reference 7. 
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The ccmpxtations were made for  circular-arc a i r f o i l s  and for values of 
aspect r a t i o  corresponding t o  those of the  tested wings based 011 the 
eqosed  areas and spans. It is apparent that for  the 45O sweptback 
wing (model 3) the measured drag is of the same order of magnitude as'. 
that pedicted by the theory i f  a reasonable value is asaumed for  the 
skin-friction drag coefficient. For the 35O sweptback wings (models 5 
and 6); however, the agxwment is unsatisfactory;  the measured values 
are approximately constant at supersonic  speeds, w h i l e  the theory pre- 
dicts a steeply  rising curve-  Reference 3 shows that the drag of a 
wing similar t o  that  of model 3 mounted through open s l o t s  at the  rear 
of a cylindrical body did not r i s e  abruptly near the   aped of sound but 
increased graduaUy with Mach  number, attainFng a value at  M = 1.24 
of the same order as that measured for the wing of model 3. Thus, it 
is evident  t,hat  the wing drag was affected near the sped of sound by 
the wing mounting and body shape. It does not  appear likely, hmver ,  
that  these  effects or  the use of sharp-nosed &foils  for  the  theoretical 
cnmputation could account for all of the discrepancy between the measured 
and predicted  resulta  for the 35O meptback wings 

In view of the urgent need for a method for  predicting  the drag 
characteristics of swept wings in wing-body ccmbinatim, an attempt was 
made t o  correlate the l b i t e d  results presented in figure 4 with results 
for unswept airfoils tested on cylindrical bodies (reference 8) according 
to the simple  theory far  imflnite yawed wings- The themy, which has 
been described in many German reports,  lea& t o  the result that the 
pessure drag coefficient based on plan area  for an unswept wfn@; 

1s related t o  the presaure drag coefficient C of  a wing with 
4* 

sweepback A having the same thickness  ratio normal t o  the leading 
cage bs 

a t  M cos A where PI Ps the  f l ight Mach  number. 

 em& investigators found that mu~h more satisfactorg  correlation 
of measured drag characteristica of a  family of swept wings w a s  obtained 
if the data are correlated  at M d a  rather  than M coa A .  This 
result  was also found t o  apply t o  the results pesented herein. The 

. effect of this modification is roughly equivalent t o  assuming that the 
sweepback is  only half as effective in delaying the Mach  nlzlILber at which 
the drag rise occura as the theory fo r  imfinite yawed wings indicates. 
The eqerimental  results of figure 4 and reference 8 reduced  according 
t o  the modified relations (assuming a skfn-friction drag coefficient 

: .". 
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of 0.005) are presented i n  figure 5. As reference 8 showa that  for 
unswept a i r fo i l s  of 9- and =-percent  thickness at luw supersonic speeds 
the  pressure drag coefficient C is proportional t o  the square of the 

thiclcness r a t i o  and as a similar result  is obtained in  supersonic w i n g  
theory, the results shown in  figure 5 m e  corrected t o  a thickness 

=P 

r a t io   t / c  of 0-09 by use of the  factor 

The resul ts  shown i n  figure 5 divide  into two similar groups; the 
unswept a i r fo i l s  mounted on cylindrical bodies, falling  together (approxi- 
mately within  the accurqcy of :he  Mach nuper measurement, f 0.01) and 
the  mept  airfoils mounted on streamline bodlea, falling  together about 

0.07 M d.;rh lower - In general, the shape of all the curves is  
similar; however, the 45O sweptback wing does not show the  relatively 
sharp break after the abrupt drag r i s e  evidenced by the  others and 

attains a ,lower value at the  higher  values of M d x  
The earlier drag rise of the swept wings mounted behind the maximum 

diameter of fineness-ratio-12  bodies cnmpared with  those for the unswept 
a i r fo i l  mounted on cylindrical bodies appears to resul t  from. the presence 
of the streamlFne body. It is estimated frcmthe incompressible  pressure 
distribution about the  fineness-ratio-= body (corrected by the method of 
Lees, reference 9) that  the  local Mach number in  the  region of the wing- 
fuselage  juncture i s  about 0.05 greater than  the  free-stream Mach  number 
a t   the  high subsonlc speeds at which the wing drag rlses occurred. As 
both  theory and  experiment  have shown that   for a swept wing at traneanic 
speeds the  pressure drag is concentrated near the wing root, it -appears 
reasonable  that  the wing drag is chiefly dependent upon the  local Mach 
number i n  the  region nem the. w i n g  root and the drag rise would occur 
when this   local  Mach nmnber reached the value of *ea-stream Mach  number 
a t  which the drag rise occurred for  a sFmilar a i r f o i l  mounted  on  a 
cylindrical body.  The incremental Mach number estimated (0.05) is  of 
the same order as  the incrament ahawn by the experimental data of figure 5. ' 

As no reliable data are available on the skin fr ic t ion at tranaonic 
speeds, a value of 0.005 (based on plan area) w a s  assumed for all the 
wings i n  preparing figure 5 -  However,  most wind-tunnel tests a t  subsonic 
speeds have sham samewhat lower skin-friction drag coefficients for 
swept  wings than for unswept  wings. Fxcept for  the 4 5 O  sweptback  wing 
of model 3, the pressure drags far the wings considered  herein are large 
i n  camparison to   the  assumed f r ic t ion  drags and, thus,  the  uncertainty 
in   the   f r ic t ion  drag does not significantly  affect  the  data presented. 
For the wing of  model 3 the  pressure drag is of the same order as the 

, 

. f r ic t ion drag, and as a large  magnification is introduced by the cos3 45O 
factor, the data presented  are  significantly  affected by the assumed 
fr ic t ion drag coefficient. An unreasonably lar value of the f r i c t ion  
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.e drag coefficient would be required t o  account for aj2. of the discrepancy 
between the 45O and 35O sweptback wings, however. 

The abscissa of figure 5 does not include a correction f o r  the 
effect of thickness r a t io  and, therefore,  the drag r i s e  f o r  &he thinner 
wings should  appear in this figure at slightly  higher Mach  numbers than 
the drag rises  for otherwise caparable wings. The data ahm i n  
figure 5 are  consistent  with this stat,eInent= It is apparent that  the 
parameters satisfactorily  correlate  the experimental results  for  the 
swept wings considered except for  the 45O Elweptback  wing  above the drag 
r ise .  In this case the discrepancy is sanewhat greater  than  the  esti- 
mated mum uncertainties in the  erperimental measuraments and the 
assumed f r ic t ion drag. 

It therefore appears that a useful estimate of the drag of a 
swept wing mounted on a  'fuselage can be obtained frm data for a similar 
unswept wing by correcting  the drag coefficient in proportion t o  the 
cube of the cosine of the sweep angle and the square of the  thickness 
r a t i o  and by correcting'  the Mach nmiber in   popor t ion  t o  the square 
root of the cosine of the Elweep angle. The effect of the  fuselage on 
the WFng- drag is included by shifting the drag c m e  thus  derived by an 
amount equal t o  the incremental Mach  n-r in the region of the wing 
root.  T h i s  result  is of course strictly  applicable only t o  the  investi- 
gated  configmatione havlng A Et: 3 5 O  though it wovides  a  satiefactory 
estimate for the  configuration having the 45O Bweptback nLng until the 

top  of the drag r i s e  is reached ( M d r A  0.90, M e 1-02] Ln the 
absence of expr imnta l  data, the method should  provide  a useful f i r s t  
approxFmation to   the wing drag for --body cabinations shuilar t o  
those  investigated. 

Wim dram - effect of sweepforward and taper.- The measured 
variations of drag coefficient w i t h  Mach  number for  the wings of models 4, 
6, and 7 are cnmpred in figure 6. Increasing  the  taper of the 
sweptback wing f r a m  1: 1 to 1.467:l (models 6 and 7) increased  the drag 
at low supersonic speeds by about 5 percent. Hawever, increasing  the 
t a p r  f'rm 1: 1- t o  2: 1 and sweeping the WFng forward (models 6 and 4) 
a d  not change the wing drag at low supersanic speeds but  delayed the 
occurrence of the abrupt drag rise by about 0.02 Mach rimer. Both of 
these  differences are only slightly  greater  than  the  estimated maximm 
uncertainties of the measurements. It is evident that, a t   l eas t  f o r  the 
wings investigated (sweep M +35O, thickness ratio 0.12, t a p r  ratio 1:  1, 
1.467:1, and 2:1), use of sweepforward or sweepback or vaziatian of 
the  taper  ratio have l i t t l e   e f f ec t  on the  transonic drag characteristics 
of tho wing. As the drag of a comparable w e p t  wing near the speed of  
sound would  be about twice the valuee shown in  f igure 6, it appears that 
sweepforward and sweepback are almost equally effective- means for reducing 
the wing drag. 

As both  the Mach nunibers at which the drag r i s e  occurs and the 
drag at low supersanic speeds measured for  the  tapered w i n g s  of models 4 - 
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and 7 agree  closely with the results for the untapered w i n g  of  model 6, 
. it is  evident that the method peserrted  herein far predicting  the  effect. 

of a fuselage on the w i n g  drag at transonic speeds applies equally well 
t o  sweptforward or tapered wings.  

Tail.dr4cs. - The variations of tail drag coefficient  with Mach 
number msasmed for models 6 and 7 are carpared in figure 7 wizh results 
for  the  identical tails of models.  peviously  tested. The results for 
the tails of models 2, 3, 6, and 7 and of the fineness-ratio-6 body 
without wings (reference 5 )  differ  by amounts only slightly greater 
than  the  estimated maximum uncertainty of the measurements. Although 
some differences might be expected in   the  tail drags of the  different 
configurations, no definite trends  are evident in them data. 

Body-tail-cmbiaation dram.- Variations of drag coefficient with 
Mach  number for the  identical  body-tail cambinations of the investigated 
configurations axe cmpazed in figure 8. The drag coefficients  are based 
on the body frontal mea and were c m p t e d  by subtracting the measured 
wing drag from the measured t o t a l  drag for e h  configuration. The data'. 
thus contain  the  interference  effects of the wing on the  body-tail ccanbina- 
tion. The cmparison is based on the drag of the body-tail  canbinations 
rather than the drag of the bodiee as reliable measurements of the t a i l  
drag are available only f o r  3 of the 6 models compared. The average drag 
contributed by the tal is shown in figure 8 by the lower curve. All of 
the ta i l  drag data of figure 7 fa l l  xithin the cross-hatched band. 

EHaminaticm of figure 8 s h m  bhat the drag of the  body-tail ccrmbina- 
t i ons  having  sweptback  unterpered  wings (models 3,  5 ,  and 6) is lower a t  
supersonic  speeds than that of the identical body-taLl caniblnation te&ed 
without wings (model  1) although the drag r i s e  occurs a t  a lower Mach 
number far the m&ls  having 35O sweptback wings (models 5 and 6) Thus, 
the  favorable  interference  effect on the body drag at supersonlc apeeds 
due t o  location of an urrtapered, sweptback wing behind the maximum body 
diameter (reported in reference 3) is confirm&. Reduction of the sweep- 
back angle f rcm 450 t o  350 (models 3 and 5 or 6) resulted  in an unfavorable 
interference  effect  Just below the speed of sound. A t  the higher  super- 
sonic speeds investigated, t h e  favorable  interference  effects for models 5 
and 6 were of the sane order of magnitude ae those found f o r  model 3, 
however.  The magnitude of this favorable  interference  effect is sanewhat 
greater  than %he estimated mRalrmrm uncertainty of the measurements. 

C a p i s o n  of results for model 6 wfth those f o r  model 7 in  figure 8 
shows that changing the  taper of the meptback wing frcm 1: 1 to 1.467:l 
increased  the drag of the body-tall  cabination by about 45 percent near 
the speed of sound. AS the drag of the body-tail ccanbination of model 4 
(sweptforward wiq) is of the s8me order of magnitude below the speed of 
sound as that of model 7,  it appears that  a large unfavorable interferace 
effect of a tapered wbg on the drag of the  boQ-tail combinatSon exists 
for  the BweptfOmard C o n f i g U r & t i O n  aa we= as for the sweptback configura- 
tion. Just above the speed of sound, however, the drag of the body-tail 
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cabination of model 4 was about 17 percent greater than that of model 7. 
.As the wing of model 4 was tapered 2:l w h i l e  that  of model 7 w a s  tapered 
1.&67:1, it is not defini.t;ely established whether the  higher drags of 
model 4 above the speed of sound result f r a m  the  effect of taper ar fram 
the sign of the sweep angle- 

T o t a l  dram. - The measured variations of t o t a l  drag coefficient 
with Mach  nuonber for  model^ 1 and 3 to 7 are compred Fn figure 9= The 
coefficients were based on the bo@ frontal  area as that quantitr wae 
the same f qr all the models- It is apparent &an f i e 9 that  either 
reducing the w3ng thiclmesa ratio at constant sweep E d e l S  6 and 5)  or 
increashg  the wing sweep for a canatant  tbicknesa r a t i o  (models 5 and 3) 
consideEab3.y reduced the aver-all drag at supersaic speeds, reduced 
the abruptness of the drag rise, and delaged the occurrence of the 
drag rise t o  higher Mach nmbere. For the models having  meptback wings, 
the maximum value of the t o t a l  drag coefficient occurs a t  successively 
higher Mach nmbers aa the w5ng thiclmess r a t i o  is reduced ar aa the 

-sweep angle is  fncreased. 

The drag p r  unit of total   f rontal   mea for model 3 5 s  less than 
that of model1 at Mach  nuonbere belaw L l 7 ,  the difference amo&ing t o  
about 30 percent new the speed of sound. For models 4 t o  7, however, 
the  increased wing drag resulting f r a m  reduction of the sweep angle and 
increase of the th icbess   ra t io   cause^ the total drag per unit of t o t a l  
frontal  area t o  be cansiderably  greater  than that measured for model 1. 

Same information an the  effects of taper and the  sign of the sweep 
angle on the  over-all drag charaCteri6tiCS of the  configuration at 
t r a n s a i c   speed^ may be obtained by canparism of the  results preeented 
in figure 9 f o r  madels 4, 6, and 7. Rote that the wing area for model 4 
w a ~  greater than that of models 6 and 7- If 'the results ahom in 
figure 9 for these models  m e  based OIL the same wing area, ';he curve 
far model 4 would f a  a h o a t  exactly on the curve for model 7. It is 
evident that  neither  taper nor Bweepforward appreciably  affected  the 
o v e r a l l  drag during the abrupt d r a g  rise. Beyond the drag r ise ,  however 
both  the  configuration having the aweptback taperea wing and that having 
the a w e p t f m d  tapered w h g  had rtpweciably higher over-all d r a g s  than 
did the  configuration nlth an urdiapered, swepbback wing. The higher 
d r a g s  of ~0del.s 4 an& 7 at supersonic speeda were sham previously t o  
occur pincipally in khe drag of the  iderdiical  body-tail ccanbinatians- 

Thua, the  effect of taper is t o  replace  the  favorable in-ference 
effect on the body drag of an untapered,  meptback wfng located behind 

. t h e  mum diameter of the body (see  reference 3 and the  present paper) 
by a large unfavorable interference  effect 
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Free-fall measurements of the  transonic drag character is t ics  of - * 

three wing-body ccanbinationa - two having untapred,  3 5 O  sweptback wings 
with thickness  ratios of 0.09 and 0.32 and one having a 35O sweptback , 

wing of 0.12 thfclmess  ratio and tapered 1.467:l - are presented  herein 
and are campared wfth results previously  repmted for related configura- 
tim and with theoretical   calculations.  The comparison shows the 
following  effocts of wing sweep angle, t a p e r ,   a n d t h i c h e s s   r a t i o  on 
the  transonic drag character is t ics  of these wing-body cambinations and 
their  ccmpmnt parts: 

(1) Either  reduction of wfng thickness   ra t io  o r  increase  of  the 
sweepback angle resulted in a large reduction of the wing drag and over- 
all drag at  supersonic speeds and delayed the occurrence of the drag 
rise t o  high Mach numbers. 

(2) For the configurations  having  untaperad wings, the  drag of the 
body-tail ccmibination waa sawwhat increased near the s p e d  of 8omd by 
either  reduction of wing sweepback or increase  in  uing thickness r a t i o  
but remained lower at supersonic speeds than tha t  of an ident ica l  body- I. 

t a i l  cambination t e s t ed  without wings. 

(3) The drw of the  body-tail   cmbination' in  the  wesence of e i ther  
a sweptforward, tapered wing-  or a sweptback, tapered wing was considerably 
increased over t ha t  of the b o d y - t a i l   c d i n a t i o n  without  wings, the 
greater part of the increase  result ing from the ef fec t  of taper.  The 
s ign of the sweep angle did not appear t o   a f f e c t  the wing drag 
apFeciably.  

(4) The wing drag results far the  3 5 O  swept wings were not 
consistent w i t h  those   pedic ted  by l inearized  theory for sweptback 
wings of finite span (NACA TN No. 1319) but   carrelated  sat isfactor i ly  

CD 
with results for  unswept a i r f o i l s  when p lo t t ed   i n   t he  form 

against M i c o s  A -  For the 45O sweptback wing the correlation 
I -" ~ o s ~ A ( t / c ) ~  , 

06 this basis  was also 8atiBfactorfexcep-b  ab& a Mach nuniber of 
1.02. The e f fec t  of the  pesence of the body on the  wfng drags is 
t o  reduce t h e  Mach number a t  which the abrupt drag r i s e  occum by an 
amount approximately  equal t o   t he  difference between the estimated local 
Mach nur&er on t h e  body at the w3ng root and the flight Mach number. 

. 
Langley Aeronautical Laboratoqy 

National Advisory Committee f o r  Aeronautics 
Iangley  Field, Va . 
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Figure 2.- C a n c l u d e a .  
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Figure 3.- Continued. 
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Figure 4.- Cmparlson of w b g  remlts f o r  models 5 and 6 with 
r e su l t s  for related winga. &a@: coefficient8 for the isolated wing8 
were taken f’rcmthe theoretical results of reference 7 and do not 
include ekin f r i c t ion .  - 
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m m  

" 0 
: F i v e  5.- Correhtim of d r a g  results far mept w l n g s  located behfnd 

the malmum diameter of a f Fneness--rati&L2 body with results f o r  
unewept  airfoils  teBted on cylindrical  bodies by use of a modifica- 
tion of Infinite-yawed-wing  theory.  Skin-friction  drag  coefficient 
6.88Wd to be 0. 
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Figure 6.- Canparisan of w i n g  drag results for models 4, 6 ,  and 7. 
- . . . -. . . . 
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Figure 7.- Ccrurpazism of t a i l  drag results f o r  models 6 and 7 with 
results f o r  identical tails teated on other bodies. - 
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Figure 8.- Hfec t  of WFng meep and thiclmess cm the drag of the b o d p  
t a i l  conibination. The width of the  croes-hatched band corresponds to 
the spread of the tail drag results of-figure 7. 
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Figure 9.- Gcmparieon of total drag-coefficients for m d e l s  5 to 7 w i t h  
results for related  configuratians. The drag coefficients axe based 
on the body f r o n t a l  m e a  which  is  constant for all models. 


